Abstract
Introduction
Open inguinal hernioplasty and open appendectomy surgery mostly cause mild to severe postoperative pain.
1--- 3 If not treated, postoperative pain leads to chronic pain and undesirable events ranging from patient discomfort and prolonged immobility to thrombolytic phenomenon and pulmonary complications. 4, 5 Regarding chronic pain formation, postoperative pain state, and nerve injury during surgery, as well as insufficient early postoperative pain control, are among the risk factors. 4, 6 Expected pain prevalence following hernia repair was determined as 54% and postoperative 2 year cumulative prevalence was found to be 30%. 7 Transversus abdominal plane (TAP), one of the peripheral nerve blocks, was reported to reduce postoperative pain following hysterectomy, colorectal surgery, appendectomy, and inguinal hernioplasty. 2,3,8---10 TAP is located between the oblique muscles and the transverse abdominis muscles. On TAP iliohypogastric nerve lies and anterolateral abdominal wall afferent T6-L1 nerves is got blocked with blockage of this area. 1, 5 Single and continuous TAP block techs have been successfully administered for pain control in the repair of inguinal hernia. 11, 12 However, the duration of single-dose administered TAP block is limited to the effect of administered local anesthetics. Addition of adjuvant to local anesthesia may prolong the block's duration. 13 Dexmedetomidine is a selective alpha-2 adrenergic agonist with both analgesic and sedative properties.
14 When administered as a perineural adjuvant, dexmedetomidine reduces initial blocking time whilst prolonging sensory and motor blockade duration. 15 
Materials and methods
Local ethics approval for the study was received (2014/37).
Then the study was recorded on http://www.clinicaltrials.gov (NCT02064530). After receiving written consent from the patients, 93 ASA I---II patients aged 18---65 years were included in the study and scheduled for open appendectomy repair or inguinal hernia administrations. A placebo-controlled, randomized, prospective and triple-blinded study was carried out, and blinding was applied both to the patients and to the investigators and data collection team. Patients were excluded if they: had a history of allergy to bupivacaine and dexmedetomidine; were or may have been pregnant; had a coagulation disorder, serious cardiac and pulmonary disease; had an administration site infection; or were unable to understand the scoring system. Patients were randomized with sealed envelopes. The control group (Group C) (n = 31), bupivacaine group (Group B) (n = 31) and bupivacaine + dexmedetomidine group (Group BD) (n = 31) were determined. The Groups C, B, and BD were given, respectively, 21 mL 0.9% NaCl, 20 mL 0.5% bupivacaine (without epinephrine) (Bustesin ® 5 mg.mL −1 , Vem Pharmaceuticals, Ankara, Turkey) + 1 mL 0.9% NaCl solution, and 20 mL 0.5% bupivacaine (without epinephrine) and 100 g (1 mL) dexmedetomidine (Precedex ® 100 g.mL −1 , Meditera, ABD). None of the patients, or the investigators administrating the TAP block and carrying out the postoperative evaluation, or the surgeons performing the operation, were given information on the groups. All patients received standard general anesthesia under standard monitorization, and perioperative mean arterial pressure (MAP) and heart rate (HT) values were recorded. Anesthesia was induced by administration of 5---7 mg. , Galen, Istanbul, Turkey) to 250 mL 0.9% NaCl. The PCA device was set to have a 7 min lockout time and a 0.5 mg bolus. Cases were transferred to general surgery after 2 h follow-up in PCU during the postoperative period. The severity of pain at rest was assessed using a 10 cm Visual Analog Scale (VAS), scaled from left; 0 = no pain, to right; 10 = worst imaginable pain, and recorded post-operative 0, 2, 6, 8, 10, 12, 18 and 24 h.
Patients with a VAS score of more than 4 during assessment were given 50 mg i.v. diclofenac sodium (Dicloron ® , Abbott, Norway). The doses of morphine and analgesic consumed were recorded. The satisfaction of patients was recorded in the 24th hour following operation. Patient satisfaction assessment scores were: 1 ---poor, 2 ---moderate, 3 ---good, 4 ---perfect. 16 Patients were monitored for 24 h in terms of nausea, vomiting, altered mental status, hypotension, hypertension, bradycardia, and tachycardia, all of which might occur as a result of the drugs administered. Nausea and vomiting assessment scores were: 1 ---none, 2 ---nausea, 3 ---retching, 4 ---vomiting. All patents having nausea, retching or vomiting were planned to be given an antiemetic. 8 In the presence of nausea---vomiting, it was planned to administer 10 mg i.v. metoclopramide HCL (Primperan ® , Biofarma, Turkey) first, and then 4 mg i.v. ondansetron (Zofran ® , GlaxoSmithKline, Italy) following 1 h follow-up if necessary. The primary outcome of this study was to assess morphine consumption for post-operative purpose. The secondary aim was to meet patient's satisfaction with respect to pain scores assessed with VAS within the postoperative 24 h period, period of hospitalization, nausea, vomiting and antiemetic. To calculate sample size for the study, 10 cases were pre-studied and the averages of postoperative 24 h morphine consumption calculated. When alpha is 0.05, and ˇ (the false negative rate) is 0.20, and the minimum mean difference is 6.3 mg and expected standard.
Statistical analysis
Data was statistically assessed using the Statistical Package for the Social Sciences (SPSS for Windows, Version 21.0, IBM Corp, Armonk, NY). The Shapiro---Wilk normality test was used to determine whether sample distribution was normal or not. Descriptive statistics unit number (n) was given as mean ± standard deviation and median (min---max) values. One way analysis of variance (ANOVA) was used to evaluate whether there was a difference among groups of having normal distribution. To evaluate parameters having abnormal distribution, the Kruskal---Wallis test, one of the non-parametric tests, was used.
The significant ones were compared using pairwise comparisons and it was determined that which group has statistical difference. A value of p < 0.05 was accepted as statistically significant.
Results
No significant difference was observed in age, weight, length, body mass index, gender, ASA class, surgery type, surgery duration, length of incision, discharge duration, or intraoperative to fentanyl consumption (p > 0.05) ( Table 1) . When compared to Group C, a significant decrease in heart rate was observed in Groups B and BD in the 10th, 30th, 45th, and 60th minutes of the operation (p < 0.05) (Fig. 1) . During the postoperative period, the increase continued in Group BD in 0 and 24th h in comparison with Group C, and in the 120th min, 6th, and 12th h in comparison to both Group C and Group B (p < 0.05) (Fig. 1) . In the assessment of heart rate within groups, a fall according to initial heart rates was observed in the 10th, 30th, 45th, and 60th minutes of operation in Group B, and at every measurement time excluding the postoperative 24 h in Group BD (p < 0.05). However, 0.5 mg atropine was needed as two of the patients' HR went below 50 beats/min. No difference compared to initial values was noticed in Group C (p > 0.05) (Fig. 1) .
In comparison to Group C, a decrease in the normal clinical level of blood pressure mean was observed in the 10th minute of the operation in Group B; in the 30th, 45th and 60th minutes of the operation, and in the postoperative 6th hour in Group BD; and in the 12th hour comparing with Group B (p > 0.05) (Fig. 2) . While a statistically significant decrease in VAS score was observed only in Group BD in comparison with Group C in post-operative 0 min, the decrease in both Group B and Group BD in between the postoperative 120th min and the 8th hour was statistically significant (p < 0.05) (Fig. 3) . The decrease in Group BD in between the 10th and 24th h postoperatively was statistically significant when compared with Groups C and B (p < 0.05) (Fig. 3) .
While the postoperative morphine consumption in Group BD was low at all times When compared to Groups B and C, it was lower in Group B than Group C in the 6th, 12th, 18th and 24th h (p < 0.001) ( Table 2) .
There was no significant difference observed among groups in terms of the number of patients having nauseavomiting scores, antiemetic requirement, or additional analgesic administration (p > 0.05) ( Tables 2 and 3) .
There was a significant increase in terms of patient satisfaction scoring in Group B and BD compared to Group C, and also in Group BD when compared to both Group B and C (p < 0.001) ( Table 3) . 
Discussion
It has been stated that direct blockade of abdominal area blocks by ilioinguinal and iliohypogastric nerve blocks with abdominal wall neural afferent nerves, TAP block administration following abdominal surgery, such as inguinal herniorrhaphy and hysterectomy, provide appropriate postoperative pain control. 17---19 In our study, TAP block administration applied after anesthesia induction reduced VAS score when compared to the control group and at the same time reduced postoperative morphine consumption.
In order to provide effective postoperative analgesia with TAP block, in general it should be administered soon after induction of the block and soon before surgical incision. 19, 20 Bharti et al. 21 administered TAP block at the end of the operation in a study they carried out, and reported that it did not prolong time to first analgesic request in comparison with the control group; however, they reported reduced total morphine consumption in the postoperative 2nd hour and thereafter. Niraj et al. 2 administered unilateral TAP block with 20 mL 0.5% bupivacaine in open appendectomy. In the control group, the mean 24 h morphine consumption was 50 mg, compared to 28 mg in the group in which TAP block was administered. Cho et al. 3 reported that TAP block administration with 20 mL 0.5% bupivacaine in open appendectomies reduces intra-operative fentanyl consumption when compared to the control group, and reduces, although not yet statistically significantly, the time to first analgesic administration, and does not change the count of rescue analgesic requirement. Furthermore, they reported that TAP block with 20 mL 0.5% levobupivacaine provided 12 h postoperative analgesia; its effect did not continue up to 24 h postoperatively, and although the time to first analgesic administration was longer in the TAP block group, it was not statistically different when compared to the control group (100.2 min against 40.9 min). However, this result may be due to the limited number of patients. Erdogan Arı et al. 10 administered TAP block with 20 mL 0.125% bupivacaine in open inguinal herniorrhaphy and administered 0.25% bupivacaine at the end of surgery, and found the same postoperative morphine consumption.
However, they did not compare its effect with 0.5% bupivacaine. Salman et al. 19 administered TAP block with 20 mL 0.125% bupivacaine at the end of surgery to patients with inguinal hernia given to spinal anesthesia and found lower postoperative morphine consumption than in the control group. In our study, we administered TAP block with 20 mL 0.5% bupivacaine, and 24 h total morphine consumption was observed to be 60.7% lower in the TAP block group than in the control group.
TAP block duration is limited to the action time of administered local anesthesia. In several studies it has been stated that addition of dexmedetomidine to local anesthesia administered to central neuroaxial and peripheral block prolonged the local anesthetic action time and reduced anesthetic request. 8, 21, 22 Agarwal et al. 21 indicated in their study that analgesia time was prolonged up to 8 h when they added 100 g dexmedetomidine to bupivacaine in a supraclavicular block. Almarakbi et al. 8 stated that in a study in which they added dexmedetomidine to bupivacaine in TAP block in abdominal hysterectomy, the first time to analgesic administration was significantly longer than in the group that dexmedetomidine (470 min and 280 min, respectively) and total 24 h morphine consumption was significantly lower in this group (19 mg and 29 mg, respectively). In our study, we administered TAP block with 20 mL 0.5% bupivacaine and 100 g dexmedetomidine + bupivacaine in open appendectomy and open inguinal hernia surgery, and the 24 h morphine consumption in the control group, bupivacaine group and bupivacaine + dexmedetomidine group was 28.8 mg, 17.5 mg, and 8.2 mg, respectively. Morphine consumption in the 2---24 h period in both groups that TAP administered was significantly lower than in the control group, however, lower morphine consumption was observed in the bupivacaine + dexmedetomidine group in all 24 h measuring periods, including the first 2 h, when compared to both control and bupivacaine groups. In this regard, dexmedetomidine is considered to initiate block time earlier and to prolong action time, thereby reducing analgesic consumption. In general, VAS measurement is utilized in postoperative pain studies.
Salman et al. 19 found that postoperative 24 h VAS scores in open inguinal hernia operations were lower in the TAP block with 20 mL 0.25% bupivacaine group than in the control group. Cho et al. 3 assessed patients administered with TAP block with 20 mL 0.5% levobupivacaine in open appendectomy with verbal numerical rating scale for pain at rest (VNRSr) and on coughing (VNRSc), and stated that VNRSr was 12 h and VNRSc was postoperative 3 h lower than the control group. Niraj et al. 2 showed that in open appendectomy, VAS assessment at rest and on coughing in TAP block administration with 20 mL 0.5% bupivacaine was lower in the 30th min and 24 h postoperatively when compared with the control group.
In our VASi scoring studies, there was a significant decrease in Group BD in 0---24 h when compared to the control group and in 10---24 h when compared to Group B. In the BD group, there was a decrease in 2---8 h in comparison with the control group. While in TAP block, only bupivacaine administration provided the decrease in VASi scores for 8 h, addition of dexmedetomidine prolonged this effect up to 24 h. The VASi score was lower in the postoperative 0 min in the group which had dexmedetomidine added, and it was considered that dexmedetomidine induces sensorial block onset earlier, and increases block efficiency.
Akın et al. 22 administered epidural analgesia with bupivacaine, and bupivacaine + dexmedetomidine, to patients undergoing abdominal surgery. Patient satisfaction scores in the group to which dexmedetomidine was administered were significantly higher than in the control group. Kaur et al. 23 found no statistically significant difference in patient satisfaction scores in a study in which they added levobupivacaine dexmedetomidine in supraclavicular brachial plexus block. In our study, there was a significant increase in satisfaction scores in Group B when compared to the control group and in Group BD when compared to both the control group and the bupivacaine group. In all groups, rathet satisfied rate in patient satisfaction scores are similar, but in group B and group BD somewhat satisfied rate was lower and completely satisfied rate was higher. So, in group BD patient satisfaction rate was higher.
In this study, a significant decrease was observed in HR and MAP values recorded after block, in comparison with pre-block values in Group B and BD; however the effect was longer in Group BD.
The decrease observed in hemodynamic data was longlasting, and it was considered that it might be its role in blocking response to stress following relief of postoperative pain with dexmedetomidine effect. Patients did not require treatment with vasoactive drugs.
Only two patients in Group BD had intra-operative atropine request due to bradycardia.
When nausea-vomiting scores were assessed in this study, there was no statistically significant difference among groups. Administration of bupivacaine and dexmedetomidine for TAP block did not elevate nausea-vomiting scores. Almarakbi et al. 8 indicated that 50 of sample size included in the study and first degree nausea was observed in 3 samples from the group in which dexmedetomidine was added to bupivacaine in TAP block, and 11 samples from the group given bupivacaine, and there was no statistically significant difference among samples in terms of nausea-vomiting and antiemetic treatment.
As a result, addition of bupivacaine and bupivacaine dexmedetomidine to TAP block following lower abdomen surgery leads to a decrease in HR and MAP normal clinical levels of the cases. Addition of bupivacaine dexmedetomidine reduced morphine requests and VAS scores in the 24 h postoperative period. Even though addition of only bupivacaine reduced 24 h morphine consumption in comparison with the control group, it reduced VAS scores effectively for hours.
It has been found that postoperative patient satisfaction scores in the group in which bupivacaine dexmedetomidine was added was higher than in the other two groups.
